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This invention relates to a process for preparing a high 
molecular weight vinylaromatic hydrocarbon-maleic an 
hydride copolymer, particularly useful as a soil condi 
tioner, and to the products of such process. 

Vinylaromatic hydrocarbon-maleic anhydride copoly 
mers of many sorts are well known. They have varied 
from low to intermediate molecular weight products 

'ranging up to a maximum of about 235,000 weight aver 
age molecular weight. 

In accordance with this invention it has been discov 
ered that an extremely high molecular weight maleic an 
hydride copolymer of a styrene of the group consisting of 
styrene and methylstyrenes such as vinyltoluene and 
vinylxylene or mixtures of any two or more such styrenes, 
ranging from about 700,000 to 5,500,000 or greater weight 
average molecular weight, can be prepared by reacting 
a mixture of approximately equimolar proportions of 
‘such a styrene and maleic anhydride, in solution in 
methylene chloride, within the temperature range of from 
about 35° to 45° C., in the presence of a catalytic amount 
of an organic peroxide catalyst. 

Solutions of the reactants in methylene chloride vary 
ing from about 0.5 to about 33 percent and preferably 
from about 4 to 6 percent concentration are advanta 
geously used. Below 0.5 percent reactants concentra 
tion, the process is uneconomic. Between about 10 and 
33 percent reactants concentration, the copolymer which 
is produced is somewhat more di?icult to handle, in that 
a thicker slurry is formed. A reactants concentration 
of from about 4 to 6 percent is most advantageously 
processed. 
The use of methylene chloride as reaction medium is 

critical. It was most surprising to ?nd that such a high 
molecular weight styrene-maleic anhydride copolymer 
could be prepared in the presence of methylene chloride, 
since chlorinated hydrocarbons are well known as , 
telomers or chain terminators. Surprisingly, carbon tetra 
chloride, chloroform, methylene bromide, ethylene dichlo 
ride, acetone, toluene, xylene, and the like are not oper 
able in place of methylene chloride to give an equivalent 
result. 

Styrenes of the class consisting of styrene, vinyltolueue 
and vinylxylene are operable in this invention. The 
styrene and maleic anhydride can be employed in any do 
sired proportions, but for convenience are preferably em 
ployed in approximately equimolar proportions. 
The temperature of the reaction is relatively critical, 

ranging from about 35° to 45° C. and, preferably, about 
40° to 41° C. Higher polymerization temperatures than 
45° C. give low molecular weight products, while lower 
temperatures than 35° C. require an uneconomic expen 
diture of time. 
A catalytic amount of an organic peroxide catalyst such 

as lauroyl peroxide, benzoyl peroxide, and diacetylperox 
ide can be used in making these high molecular weight 
copolymers. Proportions of catalyst ranging from about 
"0.01 to 6 and preferably from about 0.15 to 1.2 weight 
percent of monomers are advantageously used. The re 
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action time may vary from several hours to 24 hours or 
longer, depending in part upon the catalyst concentration. 

In practice, the reactants are dissolved in the methylene 
chloride in the desired proportions. A catalytic amount 
of an organic peroxide catalyst is added. The mixture 
is usually agitated and maintained at reaction tempera 
tures of from about 35° to 45° C. As the reaction pro 
ceeds, the copolymer precipitates from the solution. 
Upon completion of the reaction, the slurry can be treated 
with an alkali, e. g, an aqueous solution of sodium hy 
droxide, to form a salt of the copolymer. The copoly 
mer is recovered in usual ways, e. g., by ?ltering or cen 
trifuging. 

In accordance with the process of this invention, co 
polymers are obtained which have a weight average 
molecular weight range of from about 700,000 to 
5,500,000 or greater. A method of determining weight 
average molecular weights of polymers is described in 
J. Phys. and C011. Chem. 51, p. 18, 1947. A 0.5% 
aqueous solution of the sodium salt of a high molecular 
weight styrene-maleic anhydride copolymer has a pH 
range of about 7 to 9.5 and a Brook?eld viscosity be 
tween about 150 centipoises and up to about 4100 centi 
poises at 25° C. The alkali salts of the copolymers are 
useful as soil conditioners because of their ability to im 
prove the physical structure of soils. 
The following examples represent preferred embodi 

ments of this invention. Parts and percentages therein 
are by weight. 

EXAMPLE 1 
A charge of 40.0 parts of styrene and 37.5 parts of 

maleic anhydride was dissolved in 1422.5 parts of methyl 
ene chloride and brought to reflux temperature, 40° to 41° 
C. Thereafter, 0.0235 part of lauroyl peroxide was 
added. After re?uxing for about 22 hours, the thick 
slurry which formed was ?ltered and the product was 
recovered. The. dried copolymer product was obtained 
in a yield of 86.5 percent as a white powder having a 
weight average molecular weight of 2,158,000 as meas 
ured by light scattering techniques. 

EXAMPLE 2 
A charge of 40.0 parts of styrene and 37.5 parts of 

maleic anhydride was dissolved in 1422.5 parts of methyl 
ene chloride. The solution was brought to reflux tem 
perature and 0.93 part of lauroyl peroxide was then 
added. After re?uxing forabout 22 hours, the thick 
slurry which formed was ?ltered, and the product was 
recovered. The dried yield was 96.8 percent copolymer 
on the ‘basis of starting materials. The copolymer had 
a weight average molecular weight of 2,400,000. 

EXAMPLE 3 
A charge of 40 parts of styrene and 37.5 parts of 

maleic anhydride ‘was dissolved in 1422 parts of methyl 
ene chloride.v The solution was brought to reflux tem— 
perature and 0.465 part of lauroyl peroxide was then 
added. After re?uxing for about 22 hours, the thick 
slurry which formed was ?ltered and the product rc 
covered. The dried yield was 90.5 percent copolymer 
on the basis of starting materials. The weight average 
molecular weight of this material as determined by light 
scattering techniques was 5,500,000. 

EXAMPLE 4 
A charge of 49.4 parts of vinyltoluene and 37.5 parts 

of maleic anhydride was dissolved in 1425 parts of 
methylene chloride. The solution was brought to re?ux 
temperature and one part of lauroyl peroxide was then 
added. After re?uxing for about 22 hours, the copolymer 
product ‘was recovered as a rubbery mass somewhat 
vdii‘?cult to dry, but representing an approximately theo 
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retical yield on thebasis of the starting materials. A 
small portion was carefully dried and found to have a 
weight average molecular weight of 3,200,000 as deter 
mined by light scattering techniques. 7 

EXAMPLE 5 
A charge of 21.1 parts of vinyltoluene, 19.2 parts 

styrene and 36.2 parts of maleic anhydride was dissolved 
in 1422 parts of methylene chloride. The solution was 
brought to re?ux temperature and 0.465 part of lauroyl 
peroxide catalyst was then added. After re?uxing for 
21.8 hours, the product was recovered in a 90.7 percent 
yield as a mass having a physical appearance intermediate 
that of the product of Example 4 and the product of 

_ Example 2, and havinga weight average molecular weight 
of 3,100,000. Combined styrene to vinyltoluene to maleic 
anhydride in such terpolymer was in the molar ratio of 
about 0.5 to 0.5 to 1. 

EXAMPLE 6 

A quantity of 2424 pounds of methylene chloride was 
pumped into a reactor, 58.8 pounds of maleic anhydride 
was added slowly thereto and the mixture was stirred for 
about one hour. Then 62.4 pounds of styrene was added 
to the reaction mixture and stirred for about ?fteen 
minutes, at which time 0.72 pound of lauroyl peroxide 
was added. The reaction mixture was then broughtto 
a re?ux temperature of about 40° to 41° C. and held 
at re?ux for 22 hours. An aliquot of the resulting slurry 
was withdrawn and dried. The weight average molecular 
weight of the dried copolymer wasdetermined by light 
scattering techniques to be 1,250,000. The remainder of 
the copolymer, obtained in 90 percent yield, was neu 
tralized with 50 percent caustic in slurry form, ?ltered and 
dried, to give a dried product which, as a 2 percent 
aqueous solution, had a pH value of 8.25. 

The’ following table illustrates the value of the products 
of this invention as soil conditioners, in comparison with 
an untreated soil (control) and with a neutralized styrene 
maleic anhydride copolymer, one of the group having the 
highest molecular weight presently commercially avail 
able. 

, 4 ' 

of 7 to 8 hours each. The results, reported as percolation 
rate in" cc. per hour, are calculated by dividing the total 
volume of e?luent by the total number of hours. 

Weight of water stable aggregates.—The percolation is 
terminated and the tubes are- allowed to drain for 16 
hours. The soil column is then slipped out of the tube 
and a 200 gram (wet weight) longitudinal sample is taken. 
The sample is placed on a double screen (14 mesh, 32 
mesh) and agitated in a tank of water until all of the non 
aggregated ?nes passing 32 mesh are screened out. These 
water stable aggregates range from 0.5 mm. to 5 mm. in 
size. The aggregates are weighed after draining ?ve 
minutes on the screen. 

Water retention.--The weight of the soil column is de 
termined immediately after draining 16 hours. As in 
dicated under “Percolation rate” above, the column was 
prepared originally with 300 grams of dry soil, and the 
added weight represents the water held after normal 
gravity draining. 

20 rCompaction.—The height of the soil column is deter 
mined while the soil is still in the percolation tubes. 
This ?gure indicates the packing or settling of the soil 
during the percolation experiments. 
What is claimed is: 

25 1. A process for making a high molecular weight co 
polymer of maleic anhydride and at least one styrene 
selected from the group consisting of styrene, vinyltolu 
ene, and vinylxylene, which process comprises polymeriz 
ing a mixture of approximately equimolecular propor 

30 tions of the reactants at temperatures between 35° and 

35 

40 

45° C. while in admixture with methylene chloride in 
amount su?icient to form a solution of the monomers 
in concentrations between 0.5 and 33 percent and in the 
presence of a catalytic amount of an organic peroxide 
until a copolymer having a weight average molecular 
weight of at least 700,000 is obtained, as determined by 
the light scattering method. 

2. A process as claimed in claim 1 in which the per 
centage of reactant monomers in solution is from about 
4 to 6 percent. 

3. A process as claimed in claim 1 in which the reac 
tion temperature ranges from about 40° to 41° C 

Table I 

Cone. of Percola Percent Water Column . 
Sample polymer, tion, water-stable retention height, 

percent cc./hr. aggregates inches 

N0 soil treatment (Control) _____ __ none 40 14 32 4. 75 
Commercial sample of styrene- , 
maleic anhydride copolymer--." 0. 05 650 60 35 5. 37 

Sample of Example 1 _____ _. ___ 0.05 1, 046 61 40 5. 87 
Sample of Example 5 ____________ _- 0.05 2, 750 64 3O 5. 62 

The test procedures used are as follows: 
Percolation rate.—~The equipment consists of a brass 

tube, 10 inches long by 1% inches in diameter (inside) 
with a cast brass base, corrugated on its upper surface and 
soldered into the bottom (Cenco 28315). On the lower 
surface of the casting is a nipple for rubber tubing con 
nection. A loose brass disc with small, round perfora 
tions ?ts over the top of the corrugations in the casting, 
allowing free passage of air or water through the tube. 
A small brass tube. is soldered to the outside near the 
top, with an opening into the soil tube. This construction 
permits connection of a series of tubes so‘ that a constant 
water head can be maintained. 
A quantity of air-dried Miami silt loam soil is sieved 

through a IO-mesh screen. A 300 gram portion is used 
for each tube. The test material is made up to the de 
sired concentration in water and a 25 ml. volume of solu 
tion is added to the soil. The samples are then placed in 
the soil tubes, wetted to saturation and allowed to stand 
for 72 hours. The tubes are maintained under a con 
stant head and the totalivolume of water that passes 
through the soil during a ‘given time interval is measured. 
This interval is broken into three successive daily runs 
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4. A copolymer of substantially equimolar proportions 
of maleic anhydride and at least one styrene selected 
from the group consisting of styrene, vinyltoluene and 
vinylxylene having a weight average molecular weight of 
.at least 700,000 and up to about 5,500,000, as determined 
by the light scattering method said copolymer containing 
in chemically combined form at least one group which 
is a member of the class consisting of maleic anhydride, 
maleic ‘acid, and alkali metal salts thereof prepared by 
the process of claim 1. 
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